We performed a phytosociological study on an altitudinal gradient in Lauráceas State Park (Parque Estadual das Lauráceas/PR), aiming to describe the Montane Atlantic Rain Forest, to verify the importance of Lauraceae, and to evaluate the communities' successional stage. We distributed survey units (2,000 m² quadrats) along an altitudinal gradient and surveyed all individuals with DBH ≥ 10 cm, which composed the arboreal component. In smaller quadrats (250 m²), we surveyed regeneration individuals. The community at 800 and 900 m a.s.l. shows typical characteristics of Montane forest in an advanced successional stage, and the abundance of Ocotea catharinensis is its main indicator. At 1,000 and 1,100 m a.s.l., the forest is characterized as Montane with short stature in an advanced successional stage, with the occurrence of typical upper montane species such as O. porosa and O. vaccinioides.
INTRODUCTION AND OBJECTIVES
The eastern portion of the Paraná State has currently the largest extension of forests and conservation units of integral protection in the state. Among the largest areas, the Lauráceas State Park (Parque Estadual das Lauráceas -PEL) harbors an important area of the Atlantic Rain Forest (ARF, or Dense Ombrophilous Forest -DOF, in the Brazilian classification system). The name of this conservation unit refers to the high frequency of trees from Lauraceae family, popularly called "canelas" (Paraná, 2002) .
Studies have shown that this family is one of the major botanical families in the Atlantic Rain Forest domain in Paraná, either in number of individuals or in species richness, sharing this dominance with Fabaceae, Melastomataceae, Myrtaceae, and Rubiaceae (Oliveira-Filho & Fontes, 2000; Scheer & Blum, 2011) .
According to Klein (1984) , who studied the ARF in southern Brazil with Veloso, a slow succession tending to form the association named as Ocotietum was noted among almost all plant communities. In this successional stage, Ocotea catharinensis Mez has marked dominance in the forest structure, which seems to be the most evolved stage of the forest succession and the best representation of the dynamic balance under the regional soil and the current climate conditions (Klein, 1984) .
Despite the good conservation conditions of the ARF in eastern slope areas of "Serra do Mar" in Paraná, there are still few studies on its structure, on its floristic composition, and, mainly, on its differentiation along environmental gradients (Blum & Roderjan, 2007) .
Besides this, a large gap in knowledge is observed regarding the flora at PEL, even after 38 years of its creation. So far as we know, the only systematic study carried out in the PEL was the Rapid Ecological Assessment, a document that allows the preparation of Conservation Unit Management Plan (Paraná, 2002) . Considering these scenarios, this study primarily aimed to describe the structure and the floristic composition of a Montane ARF gradient in this Conservation Unit. As secondary objectives we sought: a) to verify whether Lauraceae was the most expressive family along the gradient; b) to evaluate the successional stage of the forest communities studied to contribute to reference information about these forest formations.
MATERIALS AND METHODS
The PEL occupies an area of 32,256 ha in part of the municipalities of Adrianópolis, Tunas do Paraná, and Bocaiúva do Sul, between the coordinates 24°40'44"S-25°00'48"S and 48°32'17"W-48°44'29"W, at altimetric levels ranging between 100 m and 1,226 m a.s.l. Its vegetation cover is composed of ARF in its lowland ("Aluvial"), lower montane ("Submontana"), Montane ("Montana") and upper montane ("Altomontana") formations, with transition zones contact with Mixed Ombrophilous Forest (a typical temperate forest with Araucaria, which occupies the high plateaus of South and Southeastern regions of Brazil) and Rupicolous Vegetation at high altitude. Due to the great altimetric amplitude, the PEL is under the influence of the Cfa and Cfb climate types according to Köppen's classification (Kottek et al., 2006) , with the dominance of the Cfb climate type (Paraná, 2002 ).
The sampling system was composed of four conglomerates of 2,000 m² each, systematically allocated at every 100 m altitudinal interval (altimetric zone A -1,100 m a.s.l., B -1,000 m a.s.l., C -900 m a.s.l., and D -800 m a.s.l.). Each conglomerate was subdivided into ten 10 × 20 m plots, forming a 20 × 100 m rectangle. All trees with DBH (Diameter at Breast Height) ≥ 10 cm were surveyed and included in the arboreal component. Inside each sample plot subdivided, a smaller quadrat was allocated (2.5 × 10 m) aiming at regeneration component sampling (saplings with DBH ≥ 1). In addition to the DBH and the taxonomic identification, crown diameter and total height were estimated with a hypsometer.
The conglomerates were allocated in places where the forest had approximately primary structure. Taxa identification was carried out by comparison with exsiccates in the Botanical Municipal Museum of Curitiba (MBM). The collected data were processed in the EXCEL program. The phytosociological parameters were calculated as described in Mueller-Dombois & Ellenberg (1974) , and the Shannon diversity index (H') according to Magurran (1988) . The ecological group of the species was determined considering Vibrans et al. (2013) , with adaptations based on Budowski (1965) . For simple comparison with volume results obtained by Klein (1980) , the model "stem with bark volume", adjusted by Vibrans et al. (2013, p.116) was used for "all species": 3/12 Lauraceae Along an Altitudinal Gradient... Floresta e Ambiente 2019; 26(4): e20170637 ln(Vf /1000) = − 17.753 + 0.979 lnDBH² + 0.567 lnh, with R² = 0.98 and S xy = 2.19%.
The evaluation of forest succession stage was carried out based on CONAMA Resolutions No. 2 (Brazil, 1994a) and No. 4 (Brazil, 1994b) , and by comparison with other reference studies such as Klein (1980 Klein ( , 1984 and Vibrans et al. (2013) , who also characterized Montane ARFs in southern Brazil.
RESULTS AND DISCUSSION
The sampling of the two compartments included 1,070 tree individuals, 15 of which included in the dead category, and four of them remaining taxonomically undetermined. The remaining individuals comprised 996 trees or saplings, 32 palm trees, and 23 fern trees. The floristic composition consisted of 46 families, 82 genera, and 143 species. The richest families were Lauraceae (29 spp.), Myrtaceae (23), Fabaceae (10), Melastomataceae (8), Rubiaceae (7), Monimiaceae (5), Aquifoliaceae, Arecaceae, and Primulaceae (4), with the first five accounting for 53.8% of the total number of species. Lauraceae exceeded Myrtaceae in only six species, with more than double the number of individuals (258 vs. 124) representing almost a quarter of the total number of living trees (24.5%) (Tables 1 and 2). The richest genera were Ocotea (15 spp.), Eugenia (11), Miconia (7), Myrcia (6), Mollinedia (5), Ilex, Myrsine, and Persea (4), and the first five genera accounting for 30.8% of the total of species. The predominant dispersion syndrome was zoochoric (123), followed by anemocoric (19) and autocoric (1).
Considering the four altitudinal zones as a whole and the two compartments of the forest (DBH ≥ 1 cm), the phytosociology computed a total density of 5,406 ind.ha -1 and an average dominance of 45.75 m². ha -1 . The five species with more individuals in both compartments were Alchornea triplinervia (Spreng.) Müll. Arg. (65) (Table 2 ). When only canopy species were considered, O. catharinensis was also the most abundant in the sapling compartment with 560 ind.ha -1 . The Shannon index was 3.45 nats.ind -1 . The climax species accounted for 126.6 of the VI, while the secondary species and the pioneer species, summed 108.2 and 18.0 of VI, respectively.
In the altimetric zone D, vegetation has also four vertical strata: the first reaches up to 9 m in height and are mainly composed of species such as C. Table 2 ). This species was also the most abundant canopy tree among the sapling species, totaling 320 ind.ha -1 . The Shannon index was 3.64 nats.ind -1 . Unlike the other areas, here human intervention was detected by the clandestine extraction of peach-palm E. edulis, which may explain the massive presence of individuals in the regeneration strata, and the absence of adults in the arboreal compartment. The climax species totaled 77.0 of the VI, while the secondary and the pioneer species 134.6 and 25.5, respectively.
It is worth mentioning that the average height of the trees tends to increase while the altitude decreases. In this altimetric zone, the mean height was 30% higher in zone B than in zone A, and 97% higher in zone C than in zone B. The same trend was observed for the mean DBH, which was 14% higher in zone B than in zone A, and 29% higher in zone C than in zone B. Finally, the basal area recorded for zone A (34.13 m².ha-1) represents a decrease of 71% in the same parameter when compared with zone C (58.35 m².ha-1) ( Table 2 ). The graphs of the hypsometric distribution (Figure 1 ) and of the diametric distribution (Figure 2 ) of the arboreal compartment also show a significant difference between the altimetric zones. The number of individuals sampled was greatest in altimetric zone A, and individuals are concentrated in classes of smaller diameter and height, while in zones C and D there are more individuals in the classes with greater diameter and height, but with a lower number of individuals. Contrarily, altimetric zone B seems to represent a transition zone between the first and the last area. Zones C and D have 130 trees per hectare with DBH > 40 cm, and almost half of them are Lauraceae.
The calculation of stem with bark volume in zones C and D showed O. catharinensis summed 92.70 m³.ha -1 , which represents 25.5% of the total volume, followed by C. aschersoniana with 38.85 m³.ha -1 (10.7%), A. triplinervia with 34.06 m³.ha -1 (9.4%), A. australe with 20.21 m³.ha -1 (5.6%), and C. trapezifolia with 17.91 m³. ha -1 (4.9%). However, the two major Lauraceae species were more expressive in zone C, accounting for nearly half of the commercial volume (49.3%). In zone C, O. catharinensis accounts for 119.00 m³.ha -1 (33.5%) and C. aschersoniana for 55.87 m³.ha -1 (15.7%) ( Table 1) . The total volume values in zones A and B were significantly lower than in C and D, respectively, totaling 106.83 m³. ha -1 and 143.58 m³.ha -1 versus 354.93 m³.ha -1 and 373.28 m³.ha -1 .
An alternation was observed in the main families' VI order according to altitude in the sapling compartment. In zone A, Myrtaceae (55.2), Lauraceae (47.6), and Ochnaceae ( The Montane ARF located between 800 and 1,100 m of altitude in the PEL have the following five families of major sociological importance: Lauraceae (VI = 89.6), Myrtaceae (27.4) , Euphorbiaceae (24.0), Fabaceae (16.8), and Rubiaceae (12.6) in the arboreal compartment (Table 3) ; and Lauraceae (52.0), Myrtaceae (46.6), Monimiaceae (29.0), Rubiaceae (23.7), and Melastomataceae (22.4) in the regeneration compartment.
The richness of the forest community studied is close to the numbers already known for the Montane ARF in Paraná, which are 52 families, 101 genera, and 210 species (Scheer & Blum, 2011) . The richness order of the first five families perfectly coincides with those cited by these authors. The families Fabaceae, Lauraceae, Myrtaceae, Melastomataceae, and Rubiaceae are recognized as the richest in the ARF of southern and southeastern Brazil, while the genera Eugenia, Miconia, Myrcia, and Ocotea are always cited as speciesrich families (Oliveira-Filho & Fontes, 2000; Scheer & Blum, 2011; Vibrans et al., 2013) .
An unusual fact is that Lauraceae surpassed the number of taxa of Myrtaceae. This was recorded only once among four sites surveyed in the Montane ARF in Paraná, in Serra da Baitaca (7 spp./5 spp.) (Roderjan, 1994) . The others pointed to a greater species richness of Myrtaceae over Lauraceae, at Serra da Prata (40 spp./12 spp.) (Blum, 2006) , at Mananciais da Serra (22/11) (Reginato & Goldenberg, 2007) , and at Serra da Melança (19/8) (Lacerda, 1999) . The same pattern occurs in South and Southeastern region of Brazil, where Myrtaceae richness is slightly less than twice the species number of Lauraceae in Montane ARF, such as in the municipalities of Alfredo Wagner, SC, (23/16) (Silva et al., 2013) , Morro Grande, SC, (11/7) (Bosa et al., 2015) , Cotia, SP, (56/32) (Catharino et al., 2006) and São Luiz do Paraitinga, SP, (57/33) (Padgurschi et al., 2011) ; or in a lower montane ARF such as in the municipalities of Blumenau, SC, (21/18) (Caglioni et al., 2015) , Brusque, SC, (34/19) (Maçaneiro et al., 2015) , Siderópolis, SC, (14/9) (Colonetti et al., 2009 ), Pariquera-Açu, SP, (40/19) (Ivanauskas, 1997) and Cachoeiras de Macacu, RJ (27/14) (Kurtz & Araújo, 2000) . However, this pattern changes in most Submontane ARF areas in southeastern Brazil or in ecotone zones with Seasonal Forests, in which Fabaceae and Rubiaceae families increase their specific richness, surpassing Myrtaceae and/or Lauraceae (Borém & Oliveira-Filho, 2002; Carvalho et al., 2007; Leite & Rodrigues, 2008; Pinto Sobrinho et al., 2010; Campos et al., 2011; Gomes et al., 2011) .
The predominance of Lauraceae and Myrtaceae is corroborated by studies in Montane ARF in Paraná, with a remarkably small VI sum amplitude (111−117.5) (Lacerda, 1999; Blum, 2006; Reginato & Goldenberg, 2007) , except in the study by Roderjan (1994) , who obtained a VI sum of 71.6 for the two families. This can be the result of a sampling range that covers areas with altitudinal range above that of the other studies, which results in addition of taxa typical of high altitude. 10/12 Floresta e Ambiente 2019; 26(4): e20170637 Brotto ML, Lozano ED, Marinero FEC, Uhlmann A, Blum CT, Roderjan CV The forest structure in zone A resembles that of two other sites sampled in Serra do Mar in Paraná State. In Serra Gigante (1,000 m a.s.l.), less than a half of both communities' richness is shared, accumulating a VI of 216 versus 179 in the PEL. In turn, in Serra da Baitaca (1,135-1,250 m a.s.l.) the shared species represents only one-third of total species assembly, accumulating a VI of 106 (Roderjan, 1994) versus 103 in the PEL. Although the Serra Gigante site was considered a cloud forest (upper montane ARF), the authors observed the flora included species frequently found in montane forests, which could be related to the lower altitude of the site when compared with other cloud forest sites. The same trend was observed in zone A.
The forest in zone B resembled the sampled site at 1,000 m altitude in Serra da Prata (Blum, 2006) , but the shared species assembly accumulate different importance values (VI = 68 in Serra da Prata, versus 148 in the PEL). Although the basal area of 55.53 m². ha -1 at Serra da Prata has been higher, the canopy height (from 16 to 17 m), mean height (10.3 m) and average DBH (20.7 cm) reached values quite similar to those found in zone B.
In turn, zone C and D were similar to sites with the same altitude in Serra da Prata (Blum, 2006) with quite similar values of maximum DBH (96.5 cm) and basal area (54.75 m².ha -1 ), while the maximum height (23 m), mean height (12.3 m), and average DBH (22.5 cm) values were lower than those determined for zones C and D.
In general, the results of PEL gradient was compatible with studies conducted in the same altimetric range in the state of Paraná.
Once comparing these results with the gradient studied by Blum (2006) , and based on terms he suggested, one can define the vegetation located between 800 and 900 m in the PEL as a typical Montane ARF and that between 1,000-1,100 m as a short-stature Montane ARF; thus indicating that this structural tendency seems to be repeated in different areas of Serra do Mar mountain range in Paraná.
When the structural parameters are compared with those established by Brasil (1994a Brasil ( , 1994b , they firstly indicate that the vegetation in altimetric zones A and B could be a forest in middle stage of regeneration. In these zones, the number of strata, the canopy height, and the basal area agreed with the reference values, while the mean height showed lower value, and the mean diameter and the diametric distribution showed higher values. Diversely, evaluating the representation of species ecological groups using VI results, climax species remarkably prevail at 1,100 m of altitude (although the forest has only one stratum). Secondary species prevail at 1,000 m, with little difference for climax species.
The structural parameters suggests the forest succession stage in the zones C and D can be considered in advanced stage of succession, since some parameters such as the number of strata, the canopy height, the basal area, and the mean diameter fits quite well in those established in Brasil (1994a Brasil ( , 1994b . However, the mean height value was slightly lower, and the diametric distribution was slightly higher than the values proposed in Brasil (1994a Brasil ( , 1994b . In the Forest Floristic Inventory of Santa Catarina (Inventário Florístico Florestal de Santa Catarina -IFFSC), four sample units (of numbers 386, 421, 578 and 1,025) at an altitude similar to that of this study site were considered primary forests, therefore being in an advanced stage of succession with basal area ranging from 31.36 to 54.26 m².ha -1 (Vibrans et al., 2013) , values quite similar to those found for zones C and D.
According to Roderjan (1994) , the structural and floristic changes in the forest varies in direct proportion to the thickness of the soils, which may explain the variation along the gradient studied, similar to that observed by Blum (2006) . Moreover, considering that no register of human intervention in zones A and B is found, the best designation for these communities is an advanced successional stage conditioned by limiting environmental factors, which results in a smaller forest compared with zones C and D.
The forest community of the PEL, specifically between 800 and 900 m a.s.l., in several aspects, resembles those of ARF in the lower and middle parts of the Itajaí valley in Santa Catarina (Klein, 1980) . The structural importance of Lauraceae is among the main similarities, given their great abundance and frequency, as well as the dominance of their canopies, representing 27% of all trees and 44% of the total canopy cover in the PEL. The major species in the upper stratum in both regions are O. catharinensis, C. aschersoniana, A. triplinervia,
